Background: Episiotomy and perineal tears remain common in vaginal deliveries. This study estimated the frequency of and factors associated with perineal tears, episiotomies, and postnatal infections among women in two predominantly indigenous municipalities in southern Mexico, where traditional midwives play an important role in women's health. Methods: A cross-sectional study contacted women who gave birth in the previous three years. An administered questionnaire asked about place of delivery, birthing position, birth attendant, episiotomy, perineal tears, and wound infection after delivery. Cluster adjusted bivariate and then multivariate analysis examined factors potentially associated with self-reported perineal trauma (episiotomy and/or perineal tear). Key informant interviews sought insights into some of the findings. Results: Among women with a vaginal delivery, 71% (876/1238) of indigenous women and 18% (36/197) of nonindigenous women delivered at home. Some 17% (247/1416) of women overall, and 33% (171/525) of those delivering in a health facility, reported an episiotomy during delivery. Among 171 women reporting an episiotomy in a health facility, 30% (52) also reported a perineal tear. Overall, 13% (190/1412) of women reported they had a perineal tear during delivery, 17% (86/515) of those delivering in a health facility and 12% (104/897) of those delivering at home. A quarter of the women had self-reported perineal trauma during their last delivery, 38% (196/511) of those delivering in a health facility and 18% (160/893) of those delivering at home. In bivariate analysis, indigenous ethnicity, home delivery, upright posture in labour, and delivery by a traditional midwife were associated with a lower risk of perineal trauma, while primiparas had a higher risk. In the final multivariate model, delivery by a traditional midwife was protective (ORa 0.41, 95%CIca 0.32-0.54) and primiparity was a risk factor (ORa 2.01, 95%CIca 1.5-2.68) for perineal trauma. Women suggested that fear of bad treatment and being cut made them unwilling to deliver in health facilities. Conclusions: The rate of perineal trauma among women giving birth in indigenous communities could be reduced by efforts to decrease the use of episiotomies in health facilities, and by opening a dialogue with traditional midwives to increase their interaction with formal health services.
Background
More than 30 years ago, the World Health Organisation recommended against routine episiotomy in uncomplicated vaginal deliveries [1] . Despite this, rates of episiotomy, especially among primiparous women, have remained very high in some regions and countries [2, 3] , including countries in Latin America [4] . This is probably related to a continuing belief that episiotomy prevents severe perineal tears, especially among primiparas [5] . Analysis from a multi-country study in mainly low income countries estimated rates of severe (3rd and 4th degree) perineal tears of between 0.1 and 1.4%, with the rate in Mexico relatively high at 0.9% [6] . Reported risk factors for severe perineal tears include primiparity, high birthweight, instrumental delivery, and episiotomy [6, 7] . Both perineal tears and episiotomies can have important complications, including infection [8, 9] , dyspareunia [10] , urinary [11] and anal incontinence [12] .
According to the National Population Council, in Mexico in 2014, 95% of deliveries were assisted by a doctor, 3% were assisted by a professional midwife or a traditional midwife, and 3% by a nurse or other person. In Guerrero, 84% of deliveries were assisted by a doctor, 9% by a professional midwife or a traditional midwife, and 4% by some other person. [13] . Most rural deliveries attended by traditional midwives take place at the woman's house [14] . Other studies have reported that in Mexican states with a high proportion of indigenous populations like Chiapas and Oaxaca, more than half of all births are attended by traditional midwives [15, 16] .
In Xochistlahuaca and Tlacoachistlahuaca municipalities of Guerrero state, 92 and 78% of the populations respectively are indigenous [17] , mainly from the ethnic groups Na Savi (Mixteco) and Nancue Ñomndaa (Amuzgo). Only five of the 116 communities in Xochistlahuaca have health centres; a hospital in the municipal capital provides secondary care for the 28,000 residents. In Tlacoachistlahuaca, with 21,000 residents, seven of 53 communities have medical facilities.
Using baseline data from a study of neonatal survival, cultural safety and traditional midwifery, we analysed the frequency of perineal tearing, episiotomy, and perineal infection, and examined the factors associated with perineal trauma [18] .
Methods
A cross-sectional study included a random sample of 20 communities from a list of 169 communities in the two municipalities, stratified by ethnicity and access to health services, each with approximately 100 homes. Health promoters and local indigenous students who speak the indigenous language administered a questionnaire to all women who reported births within the last three years.
The questionnaire documented age at the time of the last delivery, education, language, parity, and socioeconomic status. It asked about where the delivery took place, who assisted the delivery, and the woman's position during labour and delivery. Each woman reported whether she had a perineal tear or episiotomy during delivery, and if any perineal wound became infected, in response to the following questions: Did you have a tear in your vagina when you had your delivery? Did the doctor cut your vagina when you had your delivery? Was the wound infected -was there pus coming from the wound? We also asked women about the size of the baby, in terms of being bigger, the same size, or smaller than other babies in their community. We attempted to collect information about actual birth weight but more than half of the women did not know.
Double data entry with validation minimised keystroke errors. Analysis relied on CIETmap, a windows interface for the R programming language [19] . We defined "perineal trauma" as a self-reported episiotomy, a self-reported perineal tear, or both. We examined associations with the outcome of perineal trauma, in bivariate and then multivariate analysis, using the Mantel-Haenszel procedure [20] . Multivariate analysis began with a saturated model including the variables significantly associated with the outcome in bivariate analysis, removing the least significant associations one by one, until only variables associated with the outcome at the 95% confidence level remained. We report associations as odds ratios (OR) with 95% confidence intervals adjusted for the effect of clustering (95% CIca) using the Lamothe method [21] .
After preliminary analysis of the survey findings, three of the researchers returned to the communities and carried out open interviews with key informants, to hear their views and experiences about some of the emerging issues. They interviewed two women who had recently given birth, two pregnant women, four traditional midwives (one of them a male), three husbands of women who had given birth or were pregnant, eight health workers from health centres, community basic hospitals and the regional general hospital, and five health service managers and planners. We audio-recorded the interviews. For the purpose of this analysis, we reviewed the responses relevant to perineal trauma and to women's use of different types of services for pregnancy and delivery.
The study was approved by the Ethics Committee of Centro de Investigación de Enfermedades Tropicales (CIET), at the Universidad Autónoma de Guerrero in Mexico. Before each interview, the interviewer sought oral informed consent from the respondent. For respondents under the age of 16, their parents or legal guardians gave oral informed consent for them to participate.
Results
We surveyed 1636 women, 720 in Xochistlahuaca and 916 in Tlacoachistlahuaca. Of these, 48% (783/1636) reported Ñomndaa as their mother tongue, 34% (563/ 1636) Na savi, and 18% (290/1636) Spanish; 47% (770/ 1636) of them said they could speak Spanish. More than one half of the women delivered at home (56%, 923/ 1636), 30% (493/1636) at the hospital, 8% (123/1636) in a health centre and 6% (90/1636) in a private clinic. Most (79%, 446/563) of na savi women and more than half (55%, 430/783) of ñomndaa women gave birth at home, compared with only 12% (36/290) of mestizo (non-indigenous) women (p < 0.0001). A quarter (26%, 181/706) of deliveries in health facilities were by caesarean section. These 181 deliveries are not included in the analysis of perineal trauma. Table 1 shows the characteristics of the 1455 women with vaginal deliveries, in health facilities or at home. Overall, about two-thirds (923/1455) of these women delivered at home. Nearly three quarters (71%, 876/ 1238) of indigenous women delivered at home, while four out of five of the mestizo women (82%, 161/197) delivered in a health facility. One in five women was primiparous (21%, 310/1450) and 55% (172/310) of these delivered in a health facility, while only 31% (358/1140) of multiparous women delivered in a health facility. Almost all physician-assisted deliveries and three-quarters of nurse-assisted deliveries were in a health facility, while all deliveries assisted by a traditional midwife were at home. Women reported 151 home deliveries as being assisted by a relative; some of these relatives were also traditional midwives, but we are unable to say how many. The position for labour and delivery was reported by 1434 women. Most women delivering at home reported an upright position during labour, while nearly all who delivered in a health facility reported lying down during labour.
Perineal trauma
Overall, 17% (247/1416) of women reported they had an episiotomy during delivery (with or without a perineal tear), 33% (171/525) of those who delivered in a health facility and 9% (76/891) of those who delivered at home. It is likely that most of the 76 women who self-reported an episiotomy during home delivery had in fact experienced a perineal tear (Table 1) .
Among those 171 women who delivered in a health facility and reported an episiotomy, 52 (30%) also reported having a perineal tear. Among health facility deliveries, a primipara was more likely to have an episiotomy than a multipara (OR 2.31, 95% CIca 1.53-3.50). Some 34% (117/ 343) of women who delivered in public hospitals reported an episiotomy, as did 24% (29/119) who delivered in health centres, and 42% (25/59) who delivered in private clinics.
Overall, 13% (190/1412) of women reported they had a perineal tear during their last delivery, 17% (86/515) of those who delivered in health facilities and 12% (104/ 897) of those who delivered at home (Table 1) .
A quarter of the women had self-reported perineal trauma (episiotomy and/or perineal tear) during their last delivery, about one third of those who delivered in a health facility and one fifth of those who delivered at home (Table 1) . Table 2 shows the results of bivariate analysis of factors potentially associated with reported perineal trauma. Aboriginal women, those who delivered at home, those who had an upright position during labour, and those assisted at delivery by a traditional midwife were significantly less likely to report perineal trauma. Primiparas were significantly more likely to report perineal trauma. Younger women were more likely to report perineal trauma, but this association was not statistically significant at the 5% level. Women reporting larger babies were not more likely to report perineal trauma.
In the multivariate analysis, we included in the initial model all the variables shown in Table 2 , except for ethnicity, which was strongly co-linear with place of delivery and birth attendant. Table 3 shows the final model from the multivariate analysis. Two variables remained independently associated with the outcome of self-reported perineal trauma. A woman whose delivery was assisted by a traditional midwife had less than half the risk of reporting perineal trauma compared with a woman whose delivery was assisted by a doctor or nurse. A primipara was twice as likely to report perineal trauma compared with a multipara.
Infections of perineal wounds
Overall, 19% of women who reported perineal trauma (an episiotomy or a tear or both) reported that the wound became infected, as judged by the presence of pus coming from the wound (Table 1) . Among women reporting a perineal wound, those who delivered at home were more likely to report that the wound became infected, compared with those who delivered in a health facility, but the difference was not significant at the 5% level (OR 1.90, 95% CIca 0.87-4.14). Considering all women with vaginal deliveries, 5% (44/878) who delivered at home reported an infected perineal wound, compared with 6% who delivered in a health facility (31/ 510); the difference was not significant at the 5% level (OR 0.80, 95% CIca 0.43-1.48). Given the small number of reported infections in our sample, we were not able to examine further potential associations with this outcome.
Views of key informants
Some participants described bad experiences in health facilities.
"When I did not push hard enough, the staff told me they would put a condom into my vagina so that I would not get pregnant again. They told me to push and then they cut my part. I wish I had been accompanied (delivered) by the traditional midwife -then things would have been much better" (Woman who had recently delivered).
A patient explained that they don't like to go to the hospital for delivery; they prefer to deliver at home assisted by the traditional midwife.
"In the health centre the delivery is rushedit's not the same as having the baby at home". Some women go to health facilities because of the monetary incentive (pregnant women get a monthly allowance that they can only claim if they are attending the health facility).
"If we don't go, we don't receive the money, that's why we go to the hospital".
Health workers considered that women should deliver in health facilities, but that ignorance sometimes prevented them doing so.
"We tell them that they should come here to deliver, it won't cost them anything, and they will have a clean delivery, without complications." (A staff physician). women who delivered at home reported having an episiotomy, although 59 of them were assisted in their delivery by a traditional midwife and only 7 by a doctor or nurse. It is extremely unlikely that the traditional midwife performed an episiotomy, so probably these women in fact had a perineal tear which they reported as an episiotomy (18 of them also reported a perineal tear)
"They don't know, they are not used to getting care from health facilities" (A staff obstetrician).
Some health workers accepted that women might have other reasons for not attending health facilities, such as being scolded when they attended, or having embarrassing examinations.
"The women feel embarrassed by being examined by the doctor in the lithotomy position." (A staff nurse).
An obstetrician described the steps he believed necessary to prevent infections during delivery, which might well be objectionable to women. "The patient should come into the delivery room naked, and then we provide her with a hospital gown. Shaving the perineum is routine for all women delivering here". (A staff obstetrician).
Another made clear that he believed episiotomy was necessary to avoid perineal tears.
"If you don't do something, there can be a tear. We make an episiotomy to avoid tears." (A staff obstetrician).
A health personnel expressed her belief that being indigenous is a risk factor for delivery complications.
"Yes, being indigenous is itself a risk factor for delivery complications, because of their culture, the myths and beliefs they have, and because of the difficulty of communication." (A staff physician).
Discussion
We found that women delivered by traditional midwives were less likely to have self-reported perineal trauma than those delivered by doctors or nurses, and this association remained when other potential risk factors for perineal trauma were taken into account. Women delivered at home by traditional midwives did not have the trauma of episiotomies, and they also had lower rates of perineal tears. Delivery in health facilities increased the risk of perineal trauma among the women in our study.
Our finding of less perineal trauma among women delivered by traditional midwives is compatible with other studies. In Yucatan, Mexico, 10% of women who delivered in hospital had perineal tears, compared with only 6% of those who delivered at home assisted by a traditional midwife [22] . Although in a very different context, a study from the United Kingdom found that women delivered by professional midwives working ORna Unadjusted odds ratio, ORa Adjusted odds ratio, 95% CIca Cluster adjusted 95% confidence intervals of ORa independently, were more likely to have an intact perineum than those delivered within the National Health Service system [23] and a study in Austria reported fewer episiotomies and less perineal trauma when care was led by professional midwives rather than by obstetricians [24] . In our study, although women who laboured and delivered in an upright or semi-upright position had lower rates of perineal trauma, this association did not remain in multivariate analysis. There is still debate about the benefits and risks of an upright posture during labour; a recent update of a Cochrane review of trials of different postures in second stage labour concluded that an upright posture in labour reduced episiotomies but possibly carried an increased risk of second degree perineal tears [25] .
One third of the women in our study who delivered in a health facility reported an episiotomy. This episiotomy rate is lower than in countries of South East Asia, where a study found an overall rate of 65%, ranging from 47% in Malaysia to 91% in Thailand [3] . It is similar to a rate of 25% reported from a study of hospital discharge records in the USA [26] . Routine episiotomy is still practised in some countries in the persisting belief that it prevents severe perineal tears, especially among primiparas [5] . This is despite a body of evidence to the contrary. A systematic review of trials of selective versus routine episiotomy, recently updated, found less risk of severe perineal trauma when episiotomies were performed only when necessary, and concluded that routine episiotomy to prevent severe perineal tears is not justified and has no benefits for the mother or the baby [27] . One third of the women in our study who reported an episiotomy in a health facility also reported a perineal tear. A previous study of women delivering in Acapulco's General Hospital found that 20% of women who reported having an episiotomy during vaginal delivery also reported a perineal tear [10] .
In our study, primiparas were significantly more likely to have self-reported perineal trauma compared with multiparas and this association persisted in multivariate analysis. This was largely because primiparas delivering in a health facility were more than twice as likely to have an episiotomy compared with multiparas. Our key informant interviews with health workers suggested that this is because doctors perform episiotomies more routinely among primiparas, in the belief it will prevent perineal tearing.
Concerns about the way women are treated when they deliver in local health facilities, including high rates of episiotomy, might discourage women from delivering there. Key informants in our study communities described bad experiences in health care facilities, including one woman who described having her "part chopped" without warning. Interviews with health workers confirmed that they considered women should deliver in health facilities, but also exposed beliefs and practices that might well discourage women from doing so. Our study covered municipalities of predominantly indigenous populations with a particular world view regarding pregnancy, childbirth and postpartum, with a preference for home delivery assisted by a traditional midwife, similar to other indigenous groups in Mexico [14, 16] .
In rural Mexico, traditional midwives play an important role in the care of pregnant women and can be an important link between the health care services and communities. The strong social and cultural identification between indigenous women and their traditional midwives is a good argument to consider incorporation of traditional midwives into health services in remote areas [28] . In our study sites, where just over half the deliveries took place at home assisted by a traditional midwife, key informant interviews indicated that traditional midwives encouraged pregnant women also to attend health facilities for antenatal care, and are interested in cooperating with official health services. For many years, researchers have called for the development of working linkages with traditional midwives to reduce the work load of government medical services while showing respect for indigenous cultures [29] . Our results suggest that increased cooperation with traditional midwives could reduce the rates of perineal trauma during delivery and the associated complications.
Limitations
We relied on women's self-reports of having an episiotomy or a perineal tear, for deliveries up to three years previously and did not have any means of verifying their reports. However, a study among women living in slum areas of Dhaka, Bangladesh, reported 82% agreement between the post-partum physical findings of physicians and maternal reporting of perineal tears [30] . As shown in Table 1 , some women in our study who delivered at home assisted by a traditional midwife reported an episiotomy, when probably they experienced a perineal tear. Women judged that they had perineal tearing mainly because of the associated pain, as well as the subsequent presence of a wound, with or without infection, and because of what the person assisting the delivery told them. We have no reason to believe that traditional midwives were less likely than health workers in a facility to tell women if they had suffered perineal trauma. Women delivering in a health facility may have been less aware of tears because of the use of analgesia in this setting. We did not ask women about analgesia during their last delivery. Despite uncertainty about the frequency of perineal trauma based only on women's self-reporting, we believe the analysis of the factors related to the trauma is valid.
We were not able to examine whether women with high birth weight babies were more likely to have perineal trauma because more than half the women did not know the birth weight of their baby; there was no association between self-reported large babies and perineal trauma. We did not ask women about the duration of labour, another potential risk factor for perineal trauma.
We defined infection of the perineal wound based on women's self-report of pus coming from the wound. There was a higher rate of infections among home deliveries, although the difference was not statistically significant. The relatively small number of infections reported by the women in our sample meant we could not analyse the factors related to infections.
Conclusions
Our results from the very periphery of the Mexican health system indicate that delivery assisted by traditional midwives carries a lower risk of perineal trauma compared with delivery assisted by a doctor or nurse in a health facility. The rate of perineal trauma among women giving birth in indigenous communities could be reduced by efforts to decrease the use of episiotomies in health facilities, and by opening a dialogue with traditional midwives to increase their interaction with formal health services. 
